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(54) Endotracheal cuff

(57) According to the invention, an inflatable balloon
cuff comprising:
a proximal opening and a distal opening in a wall of the
balloon cuff; and
a tapered section along at least 50% of the length along
an axis of the inflated balloon cuff,
wherein at least a portion of the tapered section is con-
figured to form a seal against a tracheal wall of a patient,
wherein the tapered section comprises a balloon wall with
continuously varying thickness along the tapered sec-
tion, and wherein the tapered section comprises:
a sealing portion, wherein the sealing portion is adapted
to form a wrinkle-free band at least 1 millimeter in length
against a patient’s tracheal wall when inflated;
a wrinkled portion, wherein a largest diameter of the wrin-
kled portion is larger than a tracheal diameter such that
the wrinkled portion forms a wrinkled band against a pa-
tient’s tracheal wall when inflated and wherein the wrin-
kled band is longer than the wrinkle-free band; and

wherein the wrinkle-free band has a first balloon wall
thickness greater than a second balloon wall thickness
in the wrinkled portion.
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Description

1. Technical Field

[0001] The present invention relates to medical devic-
es, and more particularly, to airway products, such as
tracheal tubes and cuffs.

2. Background Art

[0002] This section is intended to introduce the reader
to various aspects of art that may be related to various
aspects of the present invention, which are described
and/or claimed below. This discussion is believed to be
helpful in providing the reader with background informa-
tion to facilitate a better understanding of the various as-
pects of the present invention. Accordingly, it should be
understood that these statements are to be read in this
light, and not as admissions of prior art.
[0003] In the course of treating a patient, a tube or other
medical device may be used to control the flow of air,
food, fluids, or other substances into the patient. For ex-
ample, medical devices such as tracheal tubes may be
used to control the flow of one or more substances into
or out of a patient. In many instances it is desirable to
provide a seal between the outside of the tube or device
and the interior of the passage in which the tube or device
is inserted. In this way, substances can only flow through
the passage via the tube or other medical device, allowing
a medical practitioner to maintain control over the type
and amount of substances flowing into and out of the
patient.
[0004] For example, tracheal tubes may be used to
control the flow of air or other gases through a patient’s
trachea. Such tracheal tubes may include endotracheal
(ET) tubes, tracheostomy tubes, or transtracheal tubes.
To seal these types of tracheal tubes, an inflatable cuff
may be associated with these tubes. When inflated, the
cuff generally expands into the surrounding trachea to
seal the tracheal passage around the tube.
[0005] However, to fit a range of trachea anatomies
and to provide low intra cuff pressure, cuff diameters are
usually about one and a half times the diameter of the
average trachea. Therefore, when inserted in an aver-
age-sized trachea, such a cuff is unable to fully expand
and will fold in on itself within the trachea. These folds
may serve as leak paths that allow mucosal secretions
to flow past the cuff and enter the lung.

DISCLOSURE OF THE INVENTION

[0006] Certain aspects commensurate in scope with
the originally claimed invention are set forth below. It
should be understood that these aspects are presented
merely to provide the reader with a brief summary of cer-
tain forms the invention might take and that these aspects
are not intended to limit the scope of the invention. In-
deed, the invention may encompass a variety of aspects

that may not be set forth below.
[0007] There is provided an inflatable balloon cuff that
includes a proximal opening and a distal opening in a
wall of the balloon cuff; and a tapered section along at
least 50% of the length along an axis of the inflated bal-
loon cuff, wherein the tapered section comprises a taper
angle of at least 15 degrees, measured as an included
angle of at least a portion of the tapered section and an
imaginary axis connecting the proximal opening and the
distal opening.
[0008] There is also provided a method of manufactur-
ing an inflatable balloon cuff that includes providing a
proximal opening and a distal opening in a wall of the
balloon cuff; and providing a tapered section along at
least 50% of the length along an axis of the inflated bal-
loon cuff, wherein the tapered section comprises a taper
angle of at least 15 degrees, measured as an included
angle of at least a portion of the tapered section and an
imaginary axis connecting the proximal opening and the
distal opening.
[0009] There is also provided an inflatable balloon cuff
that includes a tapered section, wherein a balloon wall
of the tapered section is of continuously varying thickness
along the tapered section such that the balloon wall at
the widest point of the tapered section is thinner than the
balloon wall at the narrowest point of the tapered section.
[0010] There is also provided a method of manufactur-
ing an inflatable balloon cuff that includes providing an
inflatable balloon cuff having a tapered section, wherein
a balloon wall of the tapered section is of continuously
varying thickness along the tapered section such that the
balloon wall at the widest point of the tapered section is
thinner than the balloon wall at the narrowest point of the
tapered section.
[0011] There is also provided an inflatable balloon cuff
that includes a tapered section, wherein at least a portion
of the tapered section is adapted to form a wrinkle-free
band against a patient’s tracheal wall when inflated.
[0012] There is also provided a method of manufactur-
ing an inflatable balloon cuff that includes providing an
inflatable balloon cuff having a tapered section, wherein
at least a  portion of the tapered section is adapted to
form a wrinkle-free band against a patient’s tracheal wall
when inflated.
[0013] There is also provided an inflatable balloon cuff
that includes a tapered section comprising at least a por-
tion of the balloon cuff, wherein at least a portion of the
balloon walls in the tapered section are less than 60 mi-
crons in thickness.
[0014] There is also provided a method of manufactur-
ing an inflatable balloon cuff that includes providing an
inflatable balloon cuff having a tapered section compris-
ing at least a portion of the balloon cuff, wherein at least
a portion of the balloon walls in the tapered section are
less than 60 microns in thickness.
[0015] There is also provided an inflatable balloon cuff
that includes a proximal opening and a distal opening in
a wall of the balloon cuff; a first tapered section along an
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imaginary axis connecting the proximal opening and the
distal opening of the inflated balloon cuff; and a second
tapered section along the imaginary axis connecting the
proximal opening and the distal opening.
[0016] There is also provided an inflatable balloon cuff
that includes a tapered section, wherein a balloon wall
of the tapered section is of constant along the tapered
section.

BRIEF DESCRIPTION OF DRAWINGS

[0017] Advantages of the invention may become ap-
parent upon reading the following detailed description
and upon reference to the drawings in which:

Fig. 1 illustrates an endotracheal tube with an inflat-
able balloon cuff in accordance with aspects of the
present technique;

Fig. 2 illustrates the inflatable balloon cuff of the
present techniques inserted into a patient’s trachea;

Fig. 3 illustrates three different regions of the balloon
cuff of the present techniques after insertion into a
patient’s trachea;

Fig. 4 is a top view of the wrinkled region of the bal-
loon cuff of Fig. 3;

Fig. 5 is a top view of the wrinkleless band region of
the balloon cuff of Fig. 3;

Fig. 6 is a top view of the minimal contact region of
the balloon cuff of Fig. 3;

Fig. 7 illustrates an alternate configuration of the bal-
loon cuff of the present techniques in which the cuff
tapers towards the proximal end of the conduit; and

Fig. 8 illustrates an alternate configuration of the bal-
loon cuff of the present techniques having a gener-
ally hourglass configuration;

Fig. 9 illustrates an alternate configuration of the bal-
loon cuff of the present techniques having a gener-
ally diamond-like configuration;

Fig. 10 is a flowchart depicting a blowmolding meth-
od of manufacturing a balloon cuff of the present
techniques; and

Fig. 11 illustrates a balloon cuff of the present tech-
niques with an antimicrobial layer.

MODES FOR CARRYING OUT THE INVENTION

[0018] One or more specific embodiments of the
present invention will be described below. In an effort to

provide a concise description of these embodiments, not
all features of an actual implementation are described in
the specification. It should be appreciated that in the de-
velopment of any such actual implementation, as in any
engineering or design project, numerous implementa-
tion-specific decisions must be made to achieve the de-
velopers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may
vary from one implementation to another. Moreover, it
should be appreciated that such a development effort
might be complex and time consuming, but would nev-
ertheless be a routine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the
benefit of this disclosure.
[0019] It is desirable to provide a medical balloon, such
as an endotracheal cuff or other medical device, which
may substantially seal the passage in which the cuff is
inserted so that mechanical ventilation can be used to
introduce air, oxygen, or medications into the lungs. In
accordance with some aspects of the present technique,
a medical balloon with a tapered shape is provided that
is adapted to be used with an endotracheal tube or de-
vice.
[0020] The tapered balloon cuffs provided herein may
provide advantages over a typical cuff. A typical inflatable
cuff generally assumes a cylindrical or barrel shape when
inflated that  may include short tapered or partially ta-
pered sections designed to connect the ends of the cuff
to a narrower object, such as an endotracheal tube. Thus,
a generally cylindrical cuff has a constant diameter along
most of its length when fully inflated. This diameter is
typically larger than the size of the tracheal passage.
Therefore, when a typical cylindrical cuff is inserted into
a patient’s trachea and inflated, the cuff walls of the cyl-
inder are unable to inflate to their maximum diameter and
may fold in on themselves, which may cause wrinkles
and leak paths to form.
[0021] A tapered cuff provides an improved seal
against a patient’s passage. Tapered cuffs include at
least one section with a tapered shape. The tapered sec-
tion includes a section that comes into direct contact with
a patient’s trachea. It should be understood that, in cer-
tain embodiments, the tapered section may be only a
portion of the entire cuff. The tapered shape of the cuffs
as provided herein results in the cuff displaying a range
of inflated cuff diameters along the axis of the patient’s
passage. This range of cuff diameters results in at least
one region along the inflated cuff that is substantially
equal in diameter to a patient’s trachea. The portion of
the tapered cuff with a diameter that is substantially sized
to the diameter of the trachea provides a relatively higher
quality seal against the trachea that is substantially wrin-
kle-free.
[0022] The tapered shape of the cuffs as provided
herein may be characterized by the cuff diameters at both
ends of the taper. For example, the tapered shape may
be described by providing the cuff diameter at the widest
point of the taper as well as the cuff diameter at a narrower
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point. It should be understood that cuff diameters may
be measured when the cuff is fully inflated while not in-
serted in a patient trachea along an axis that is substan-
tially orthogonal to the axis of the endotracheal tube. A
cuff diameter may be measured from cuff  wall to cuff
wall, either exterior wall to exterior wall or interior wall to
interior wall. In certain embodiments, the taper may range
from two times the size of an average trachea at the wid-
est point to half the size of the average trachea or smaller
at the narrowest part of the taper. It should be understood
that an average trachea size may be an adult male or
female average size that is based on height and weight,
or a child average size. For example, an adult trachea
may range in size from 14 mm to 27 mm, with the average
being around 20 mm. Women typically use a size 7.0 to
7.5 endotracheal tube, while men may use a size 7.5 to
8.0 endotracheal tube. The size of the tube typically refers
to the inside diameter of the main airway tube. In specific
embodiments, the tapered region may narrow from a wid-
est cuff diameter of 1.355 inches to a narrower diameter
of 0.65 inches or smaller. It is envisioned that a single
cuff may be designed to accommodate a wide variety of
tracheal sizes along a single taper. Thus, a further ad-
vantage of a tapered cuff may be its adaptability to pa-
tients of a variety of sizes. In one embodiment, certain
smaller diameters at the narrow end of the cuff taper are
associated with increased sealing performance. For ex-
ample, certain smaller diameters at the narrow end may
maintain the sealing band of the cuff around the trachea
even though the tube itself may not be centered in the
trachea. Due to the curvature typically built into tracheal
tubes for ease of insertion and patient comfort, the tube
does not necessarily stay centered in the trachea. By
having smaller diameters at the narrow end, it is possible
to maintain the benefits of the tapered shape even when
the tube is not symmetrically located within the trachea.
Thus, in certain embodiments it may be desirable to have
cuff diameters less than 0.65 inches or less than 0.60
inches at the narrow end of the cuff. The cuff diameters
may be even smaller for smaller patients, such as pedi-
atric patients, and in certain embodiments may only be
limited by the outer diameter of the tubing that is sufficient
to achieve acceptable ventilation of the patient.
[0023] In other embodiments, the tapered region of the
tapered cuff may be characterized by the slope or angle
of the taper, which is the included angle of the tapering
cuff wall and the axis of an attached endotracheal tube.
For example, the angle of the taper may include a taper-
ing angle of at least 15 degrees, at least 20 degrees, or
at least 25 degrees. In a specific embodiment, the angle
of the taper may be between 17 and 20 degrees. Provid-
ing tapering angles greater than 15 degrees generally
indicates a greater variance between the widest point
and the narrower point of the taper. Further, the tapered
region of the tapered cuff may be characterized in certain
embodiments by the rate of tapering from the widest point
of the taper to a narrower point. A cuff may exhibit a
continuous rate of tapering, or a linear tapering, from a

wider diameter to a narrower diameter. Cuffs with linear
tapering may be less costly to manufacture. In other em-
bodiments, the taper may have a nonlinear rate of taper-
ing. For example, it may be advantageous to provide
stepwise tapering along the cuff, whereby a certain cuff
diameter is maintained for 5-10mm along the length of
the taper. The taper may also be characterized by a mo-
notonically decreasing function, such as a hyperbola. Ad-
ditionally, a taper may be characterized by its length
along the axis of an endotracheal tube. For example, a
taper may be along at least 30%, at least 40%, at least
50%, at least 75%, or at least 95% of the length of the
cuff along a specific axis.
[0024] Tapered medical cuffs as provided herein may
be used in conjunction with any suitable medical device.
In certain embodiments, the tapered cuffs as provided
herein may be used in conjunction with a catheter, a stent,
a feeding tube, an intravenous tube, an endotracheal
tube, a tracheostomy tube, a circuit, an airway accessory,
a connector, an adapter, a filter, a humidifier, a nebulizer,
or a prosthetic, in various embodiments.
[0025] An example of a tapered cuff used in conjunc-
tion with a medical device is a cuffed endotracheal tube
10, depicted in Fig. 1. The cuffed endotracheal tube 10
includes an inflatable tapered cuff 12 that may be inflated
to form a seal against the trachea wall 28 (see Fig. 2).
The tapered cuff is disposed on an endotracheal tube 16
that is suitably sized and shaped to be inserted into a
patient and allow the passage of air through the endotra-
cheal tube 16. Typically, the cuff is disposed, adhesively
or otherwise, towards the distal end 17 of the endotra-
cheal tube 16. The tapered cuff 12 may be inflated and
deflated via a lumen 14 in communication with the ta-
pered cuff 12, typically through a hole or notch in the
lumen 14. The tapered cuff 12 may generally have an
amorphous, or irregular, shape in the uninflated state and
may assume the tapered shape when inflated. The ta-
pered cuff 12 has a proximal opening 20 and a distal
opening 22 formed in the cuff walls 24 sized to accom-
modate the endotracheal tube 16. The proximal opening
20, located closer to the "machine end" of the tube 16,
and a distal opening 22, located closer to the "patient
end" of the tube 16, are typically used to mount the cuff
12 to the tube 16.
[0026] The tapered cuff 12 may be formed from mate-
rials having suitable mechanical properties (such as
puncture resistance, pin hole resistance, tensile
strength), chemical properties (such as forming a suitable
bond to the tube 16), and biocompatibility. In one em-
bodiment, the walls of the inflatable cuff 12 are made of
a polyurethane having suitable mechanical and chemical
properties. An example of a suitable polyurethane is Dow
Pellethane® 2363-90A. In another embodiment, the walls
of the inflatable cuff 12 are made of a suitable polyvinyl
chloride (PVC). Other suitable materials include polypro-
pylene, polyethylene teraphthalate (PETP), low-density
polyethylene (LDPE), silicone, neoprene, polyisoprene,
or polyurethane (PU).
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[0027] Fig. 2 shows the exemplary cuffed endotracheal
tube 10 inserted into a patient’s trachea. The tapered cuff
12 is inflated to form a seal against the tracheal walls 28
and may prevent secretions 30 or other detritus from
passing through the trachea into the lungs. The tapered
cuff 12 assumes a partially tapered shape when inserted
in the patient’s trachea, as described in more detail in
Figs. 3-6.
[0028] As depicted in Fig. 3, the tapered shape of the
cuff 12 may result in different regions of the tapered cuff
12 interacting with the trachea in a variety of manners.
One portion of the tapered cuff 12 includes cuff walls with
fully inflated diameters larger than the diameter of the
tracheal passage 38. As the cuff walls of this region inflate
within the trachea, they encounter the tracheal walls 28
and are prevented from assuming their fully inflated di-
ameters, as is normally the case with high volume low
pressure cuffs. Thus, the tapered cuff in this region may
be partially flattened against the tracheal walls 28 to cre-
ate a wrinkled region 32 of the cuff (see Fig. 4). A portion
of the tapered cuff 12 that includes cuff walls with diam-
eters substantially equal to the diameter of the tracheal
passage 38 may form a wrinkle-free band 34 (see Fig.
5) against the tracheal walls 26, as in this region of the
tapered cuff 12, the cuff walls assume their fully inflated
diameters. The region 36 of the tapered cuff 12 with a
diameter smaller than the passage may form a minimal
contact or no contact region 36 (see Fig. 6) with the tra-
cheal walls.
[0029] Fig. 4 depicts a top view of cross-section
through the wrinkled region 32 of an inserted tapered cuff
12. As depicted, the cuff walls 24 may be unable to inflate
to their fully inflated diameters in the tracheal passage.
In order to fit into the passage, the flexible cuff walls 24
of the tapered cuff 12 fold in on each other and may form
multiple wrinkles 40. It  should be understood that, de-
pending on how a cuffed endotracheal tube 10 is inserted
into the trachea, the tapered cuff 12 may not be com-
pletely centered within the tracheal passage.
[0030] Fig. 5 depicts a top view of a cross-section
through the region of the substantially wrinkle-free band
34 of the tapered cuff 12. The wrinkle-free band 34 is
formed in the region of the cuff 12 where the cuff diameter
is substantially equal to the patient’s trachea. The wrin-
kle-free band 34 also includes a small part of the cuff 12
with cuff diameters that are only slightly larger than the
tracheal diameter, as this part of the cuff does not include
cuff diameters that are large enough to support wrinkling
or folding. As shown, the cuff walls are generally flush
against the tracheal walls 28. As the tracheal walls 28
may be slightly irregular, the wrinkle-free band may vary
from patient to patient. Because of the irregular shape of
the trachea and the fact that the tube may not be centered
radially, the wrinkle-free band 34 may have varying width
around its outer diameter as well as have its center vary
axially as a function of angular position in the trachea.
For example, the plane of the wrinkle-free band 34 may
have varying angles, including angles 0-45 degrees off-

axis from an axis orthogonal to the patient’s trachea. The
wrinkle-free band 34 may be characterized by its length
along the axis of the tube 16, or along the axis of the
patient’s trachea. In certain embodiments, the wrinkle-
free band 34 provides wrinkle-free contact of least 1mm
along the patient’s trachea. In specific embodiments, the
wrinkle-free band ranges from 1mm to 3mm in size, or
from 3mm to 6mm in size.
[0031] Fig 6 depicts a top view of a cross-section
through the region 36 of the tapered cuff 12 in which the
cuff wall diameters are smaller than tracheal diameter.
In this minimal contact region 36, the cuff walls are gen-
erally not in contact with the patient’s tracheal walls, leav-
ing a gap 42 that increases in size as the cuff wall diam-
eter decreases. This arrangement may  provide addition-
al advantages related to patient comfort. As a substantial
region of the tapered cuff does not contact the trachea
walls 28 during use, tracheal tissue irritation may be min-
imized.
[0032] It is also envisioned that a tapered cuff 12 as
provided herein may taper away from the distal end of
the conduit 16, as shown in Fig. 7. Such an arrangement
may provide similar advantages to the taper cuff 12 that
tapers towards the distal end of the conduit 16 as pro-
vided herein. In other embodiments the inflatable cuff 12
may assume a variety of tapered shapes when inflated.
For example, referring now to Figs. 8 and 9, various ex-
emplary cuff shapes are depicted. Fig. 8 depicts an ex-
emplary cuff 43 having a generally hourglass shape, i.e.,
two tapered sections 41A and 41B generally connected
at their apexes. Similarly, Fig. 9 depicts an exemplary
cuff 45 with tapered sections 46A and 46B that is wider
at the midsection 44 of the tapered sections 46 than at
the proximal end 48 or the distal end 47, i.e., two cones
generally connected at their bases. It is envisioned that
cuff 43 and cuff 45 may provide the advantage of provid-
ing dual wrinkle-free bands along the tracheal walls when
inserted into a patient’s trachea. The dual bands may
provide improved sealing by providing greater total wrin-
kle-free contact are with the tracheal walls. In certain em-
bodiments, additional cuff shapes that may form multiple
wrinkle-free bands are also contemplated. As will be ap-
preciated by those of ordinary skill in the art, other cuff
shapes are within the scope of the present disclosure.
[0033] The tapered cuffs 12 as provided herein may
include cuff walls 24 with constant or varying wall thick-
nesses along the length of the taper. Cuff wall thickness
may vary from the widest part of the taper to the narrowest
part of the taper. In certain embodiments, it is advanta-
geous to specify cuff wall thickness variation because
certain cuff wall thicknesses in  the wrinkle-free band 34
may help to terminate the folds that are present in the
wrinkled region 32 of the tapered cuff 12 (as in Fig. 3-
Fig. 6). Thicker cuff walls tend to be less flexible than
thinner cuff walls, and thus less likely to form wrinkles. If
the walls of the wrinkle-free band 34 are thicker than the
walls of the wrinkled region 32, the wall thickness may
aid in the termination of the wrinkles. Certain wall thick-
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nesses may be associated with wrinkles that are more
easily terminated by the "band" that forms at the point
where the cuff diameter matches the trachea. In certain
embodiments, it is contemplated that at least a portion
of the cuff walls in the tapered region of the cuff are less
than 60 microns in thickness. In another embodiment,
the cuff walls are between 10 microns and 3 millimeters
in thickness. In certain embodiments, the cuff walls are
between 0.5 mils (where mils are thousandths of an inch)
and 3 mils. In specific embodiments, the cuff walls vary
along the length of the taper from between 2 microns to
140 microns in thickness, from between 20 microns to
60 microns in thickness, and from between 30 microns
to 50 microns in thickness. In certain embodiments, it
may be advantageous to provide a cuff 12 with a constant
thickness,
[0034] This thickness specification may be accom-
plished in a number of ways. For example, in one em-
bodiment, the tapered cuffs may be manufactured by a
blow molding process or extrusion blow molding process.
For example, the cuffs may also be made by using pre-
extruded tubing and applying heat and pressure appro-
priately within a molding cavity to achieve the desired
shape (blow molding). These cuffs can also be formed
by extrusion blowmolding, wherein an extruder fed pol-
ymer pellets melts the polymer and feeds the molten pol-
ymer through a die to form a tube shape. This still molten
polymer is then captured in a mold and air pressure is
applied to expand the tube out to the walls of the mold,
thus achieving the desired shape. In the extrusion blow
molding process, a core or mandrel of  the extruder has
apertures to admit a gas such as pressurized air or an
inert gas like nitrogen, into the medical device in the
neighborhood of the cuff. After a length of medical device
has been extruded, a mold clamps the medical device
around the mandrel. As gas is admitted to the cuff area
through the mandrel, the cuff expands against the mold.
In the alternative, the cuff wall may be expanded in a
second discrete expansion process following an extru-
sion or molding process, such as with a shuttle blow mold-
ing process. After initial extrusion, the extruded cuff will
have a generally tubular shape with a substantially uni-
form wall thickness. This tubular shape may then be
blown into the tapered shape. This process results in the
area of the cuff with larger diameters having thinner walls
because the same amount of material is stretched over
a larger area. In an alternate embodiment, the wall thick-
ness, constant or variable, along the length of the taper
may be specified in the blow molding process by using
a programmable parasin on the extruder. A programma-
ble parasin allows the wall thickness being extruded to
be controlled as a function of length. Therefore, the ex-
truded section may have walls of varying thickness. This
extruded section may then be blowmolded as described
above. Other cuff shapes and designs are discussed in
the U.S. patent applications titled "ENDOTRACHEAL
CUFF AND TECHNIQUE.FOR USING THE SAME" to
Donald S. Nelson and Dhairya Mehta filed on June 22,

2006, the U.S. patent application titled "ENDOTRACHE-
AL CUFF AND TECHNIQUE FOR USING THE SAME"
to Seamus Maguire, Sean Morris, Paul O’Neill, and
Patrick Joseph Tieman filed on June 22, 2006, and the
U.S. patent application titled "THIN CUFF FOR USE
WITH MEDICAL TUBING AND APPARATUS FOR MAK-
ING THE SAME" to Joel Colburn and Roger Caluya filed
on June 22, 2006, which are hereby incorporated by ref-
erence in their entirety.
[0035] One example of such a suitable blow molding
process 50 is depicted in the flowchart of Fig. 10. In this
example, a tube, such as an extruded polyurethane tube,
is loaded (block  52) into a blowing machine or mold as-
sembly with a tapered shape, such as a machine used
to blow angioplasty balloons. As described above, the
extruded tube may have walls of varying thickness. Bal-
loon blowing machines typically allow process parame-
ters such as extrusion stretch, blow pressure, and tem-
perature to be controlled. Once loaded, the mold assem-
bly is closed, and the tube is clamped at each end (block
54). The tube is stretched and air is blown into the tube
via an air conduit, such as an air hose or nozzle, con-
nected to a source of pressurized air, such as an air pump
or pre-pressurized source, to achieve a desired positive
pressure within the tube (block 56). Heat is applied to the
tube (block 58), such as via heating elements integral to
the mold assembly. As the heat is applied, the stretch of
the tube is relaxed and the air pressure within the tube
is increased (block 60). Once the desired temperature is
reached it is maintained for an interval of time (block 62).
Afterward, the temperature of the mold assembly is al-
lowed to drop or is actively cooled (block 64). A vacuum
is applied within the tube, which now includes the blown
cuff, to release the tube and cuff from the mold assembly
and the tube and cuff are removed from the mold assem-
bly (block 66).
[0036] For example, in one particular implementation
a commercially available extrusion of Dow Pellethane®

2363-90A having an inner diameter of 0.239 6 0.005
inches (6.0706 6 0.127 mm) and a wall thickness of
0.008 inches (0.2032 mm) may be blown to form a cuff
12 suitable for use with a 7.5 mm internal diameter (ID)
endotracheal tube. The extruded tube may be stretched
50 to 100mm on each end and a pressure of 1.0 to 2.0
bar is applied within the extruded tube. The extruded tube
is heated for 50 to 100 seconds. As the temperature
ramps up, the stretched ends of the extruded tube are
relaxed to 20 to 70mm and the air pressure within the
extruded tube is increased to 1.5 to 2.1 bar. The temper-
ature is allowed to increase to 120 to 150° C, where it is
maintained for 10 to 30 seconds. The mold assembly is
then cooled to 40 to 55° C, a vacuum is applied to the
molded extrusion and cuff, and the extrusion and cuff are
removed from the mold assembly. In another embodi-
ment, the cuff wall thickness may be controlled by a dip
coating process (not shown). For example, by controlling
the withdrawal rate of a cuff mandrel from a dip coating
solution, the wall thickness can be controlled. Using this
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control or multiple dips, it is possible to obtain even step
function changes in wall thickness.
[0037] In certain embodiments, it may be desirable for
the tapered cuff to include an antimicrobial surface to
prevent the adhesion and propagation of biofilms. As
shown in Fig. 11, a wall 24 of a cuff 12 may be a hydro-
phobic polymer with an outer antimicrobial layer 78 that
includes a hydrophilic polymer and an antimicrobial com-
pound disposed on an outer surface 80 of the cuff wall
24. The antimicrobial layer may include an antimicrobial
metal, such as copper, silver, or gold. In several exem-
plary embodiments, the metal may be elemental silver,
powdered silver, silver ions (Ag+), or a silver bearing ma-
terial like silver oxide (AgO). The hydrophilic layer may
thus be an antimicrobial (AM) layer. In this way the col-
onization-inhibiting properties of the hydrophilic surface
can be reinforced by antimicrobial properties.
[0038] It may be desirable for the metal to be released
over time, while the medical device is in use. In one em-
bodiment, therefore, a silver-bearing time-release mate-
rial may be a phosphorus-based glass material that dis-
solves in water at a rate that may be a function of its
particular formulation. The glass may also contain trace
amounts of other elements, such as calcium oxide (CaO).
The rate at which silver is released may further be a func-
tion of the rate at which the phosphorus-based glass ma-
terial dissolves in water. The silver, or the phosphorus-
based glass material, or both, may be powdered. The
release of silver over time, which is defined as the elution
rate and is measured in micrograms/cm2/day, may thus
be tailored to the specific needs of the application by
specifying the formulation of the phosphorus-based
glass material, such as the material described in U.S.
Patent No. 6,143,318. In one embodiment, the silver
bearing material may be made up of about 5-10% by
weight, e.g. about 7.5% phosphorus-based glass by
weight. Such a material is available from Giltech Limited,
12 North Harbour Industrial Estate, Ayr, Scotland, Great
Britain KA8 8BN. In one embodiment, the elution rate
should be up to about 0.01 micrograms/cm2/day. In an-
other embodiment, the elution rate may be between
about 0.01 and 1.0 micrograms/cm2/day. In another em-
bodiment, the elution rate may be about 0.4 micro-
grams/cm2/day.
[0039] In other embodiments, bioactive pharmaceuti-
cal agents such as a bronchodilator, an anti-inflammatory
agent, or a local anesthetic may be substantially dis-
persed in a phosphorus-based glass material within a
hydrophilic layer. Such bioactive pharmaceutical agents
may be delivered to and absorbed by adjacent tissues in
substantially the same manner as silver. Regulation and
control of dosage, elution rate, and thickness in substan-
tially the same manner as silver may also provide a ben-
eficial pharmacologic or therapeutic action.
[0040] A hydrophilic coating may be applied to the sur-
face of a medical device by, e.g. extruding, molding, dip-
ping, spraying, washing, or painting the hydrophilic coat-
ing on the surface. In one embodiment, a medical device

may be formed by extruding a wall of hydrophobic ma-
terial along with one or more layers of an antimicrobial
material. In another embodiment, a medical device may
be formed by molding a wall of hydrophobic material
along with one or more layers of an antimicrobial material.
The antimicrobial layer may be formed on an inner or an
outer surface of the medical device wall. The antimicro-
bial layer may be comprised of, e.g. polyurethane, such
as a medical grade hydrophilic thermoplastic  poly-
urethane into which has been substantially dispersed a
silver bearing phosphorus-based glass material. In one
embodiment, the antimicrobial layer may be within a
range of about 0.002 mm-2.5 mm in thickness, or about
0.13 mm in thickness. In another embodiment, the anti-
microbial layer may be within a range of about 0.002 mm-
2.5 mm in thickness. In another embodiment, the antimi-
crobial layer may be up to about 6.35 mm in thickness.
In another embodiment, the hydrophobic polymer, hy-
drophilic polymer and the antimicrobial compound may
be compounded together and extruded to form a cuff wall
24.
[0041] The tracheal cuffs of the present techniques
may be incorporated into systems that facilitate positive
pressure ventilation of a patient, such as a ventilator.
Such systems may typically include connective tubing, a
gas source, a monitor, and/or a controller. The controller
may be a digital controller, a computer, an electrome-
chanical programmable controller, or any other control
system.
[0042] Typically, endotracheal cuffs are inflated within
a patient’s trachea such that the intra cuff pressure is
approximately 20-25 cm H2O. Endotracheal cuffs utiliz-
ing inflation pressures significantly greater 25 cm H2O
may be referred to as high-pressure cuffs, while cuffs
that are able to effectively seal the trachea at pressures
less than 30 cm H2O may be considered low-pressure
cuffs. In certain embodiments, intra cuff inflation pres-
sures of 10-30 cm H2O may be used with the tapered
cuffs of the present techniques.
[0043] While the invention may be susceptible to var-
ious modifications and alternative forms, specific embod-
iments have been shown by way of example in the draw-
ings and have been described in detail herein. However,
it should be understood that the invention is not intended
to be limited to the particular forms disclosed. Rather,
the invention is to cover all  modifications, equivalents,
and alternatives falling within the spirit and scope of the
invention as defined by the following appended claims.

FURTHER EXAMPLES OF BALLOON CUFFS AND 
METHODS:

[0044]

1. An inflatable balloon cuff comprising: a tapered
section wherein at least a portion of the tapered sec-
tion is adapted to form a wrinkle-free band against
a patient’s tracheal wall when inflated.
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2. An inflatable balloon cuff comprising: a tapered
section comprising at least a portion of the balloon
cuff, wherein at least a portion of the balloon walls
in the tapered section are less than 60 microns in
thickness.

3. An inflatable balloon cuff comprising: a proximal
opening and a distal opening in a wall of the balloon
cuff; a first tapered section along an imaginary axis
connecting the proximal opening and the distal open-
ing of the inflated balloon cuff; and a second tapered
section along the imaginary axis connecting the
proximal opening and the distal opening.

4. The balloon cuff of any of the preceding claims
wherein the tapered section comprises a substan-
tially constant taper rate along the length of the ta-
pered section.

5. The balloon cuff of example 1 wherein the wrinkle-
free band is at least 1 millimeter in length, optionally
between 1-3 millimeters in length or between 3-6 mil-
limeters in length.

6. The balloon cuff of any of examples 1 to 3 wherein
the balloon cuff comprises polyethylene teraphtha-
late (PETP), low-density polyethylene (LDPE), pol-
yvinylchloride (PVC), silicone, neoprene, polyiso-
prene, polypropylene, or polyurethane (PU).

7. The balloon cuff of any of examples 1 to 3 com-
prising a tracheal tube associated with the balloon
cuff, wherein the tracheal tube passes through a
proximal opening and a distal opening of the balloon
cuff, optionally wherein the tracheal tube is opera-
tively connected to a ventilator.

8. The balloon cuff of example 1 or example 2, where-
in the tracheal tube comprises a distal end adapted
to be inserted into a patient’s trachea and a proximal
end, and wherein the tapered section tapers towards
the distal end of the tracheal tube or the proximal
end of the tracheal tube,

9. The balloon cuff of example 1 or example 2, where-
in the tapered section comprises a substantially non-
linear taper rate along at least a portion of the length
of the tapered section.

10. The balloon cuff of any of examples 1 to 3 com-
prising an antimicrobial coating on at least a portion
of the balloon walls.

11. The balloon cuff of example 1 or example 2,
wherein narrowest portion of the tapered section has
a balloon wall diameter that is less than 0.60 inches
when the balloon cuff is fully inflated.

12. The balloon cuff of any of examples 1 to 3, where-
in the tapered section comprises balloon wall diam-
eters between 1.75 inches and 0.15 inches when the
balloon cuff is fully inflated and/or balloon wall thick-
nesses between 0.5 mils and 3 mils.

13. The balloon cuff of example 2, wherein the ta-
pered section comprises at least 50% of the length
of the cuff.

14. The balloon cuff of example 3, wherein the at
least one tapered section comprises a substantially
nonlinear taper rate along at least a portion of the
length of the tapered section.

15. The balloon cuff of example 3, wherein a widest
diameter portion of the first tapered section is prox-
imate to a widest diameter portion of the second ta-
pered section.

16. The balloon cuff of example 3, wherein a narrow-
est diameter portion of the first tapered section is
proximate to a narrowest diameter portion of the sec-
ond tapered section.

17. A method of manufacturing an inflatable balloon
cuff comprising: providing an inflatable balloon cuff
having a tapered section wherein at least a portion
of the tapered section is adapted to form a wrinkle-
free band against a patient’s tracheal wall when in-
flated.

18. A method of sealing a patient’s trachea compris-
ing: inflating a balloon cuff comprising a tapered sec-
tion in the patient’s trachea, wherein at least a portion
of the balloon cuff is adapted to form a wrinkle-free
band against a patient’s tracheal wall when inflated,
wherein the wrinkle-free band is at least 1 millimeter
in length.

19. A method of manufacturing an inflatable balloon
cuff comprising: providing an inflatable balloon cuff
having a tapered section comprising at least a por-
tion of the balloon cuff, wherein the balloon walls in
at least a portion of the tapered section are less than
60 microns in thickness.

Claims

1. An inflatable balloon cuff comprising:

a proximal opening and a distal opening in a wall
of the balloon cuff; and
a tapered section along at least 50% of the
length along an axis of the inflated balloon cuff,
wherein at least a portion of the tapered section
is configured to form a seal against a tracheal
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wall of a patient, wherein the tapered section
comprises a balloon wall with continuously var-
ying thickness along the tapered section, and
wherein the tapered section comprises:

a sealing portion, wherein the sealing por-
tion is adapted to form a wrinkle-free band
at least 1 millimeter in length against a pa-
tient’s tracheal wall when inflated;
a wrinkled portion, wherein a largest diam-
eter of the wrinkled portion is larger than a
tracheal diameter such that the wrinkled
portion forms a wrinkled band against a pa-
tient’s tracheal wall when inflated and
wherein the wrinkled band is longer than the
wrinkle-free band; and
wherein the wrinkle-free band has a first bal-
loon wall thickness greater than a second
balloon wall thickness in the wrinkled por-
tion.

2. The balloon cuff of claim 1, wherein the tapered sec-
tion comprises a substantially constant taper rate
along the length of the tapered section.

3. The balloon cuff of claim 1, wherein a taper angle of
the tapered section is between 9 and 20 degrees.

4. The balloon cuff of claim 3, wherein the taper angle
is at least 11 degrees.

5. The balloon cuff of claim 1, wherein the balloon cuff
comprises polyethylene teraphthalate (PETP), low-
density polyethylene (LDPE), polyvinyl chloride
(PVC), silicone, neoprene, polyisoprene, polypropyl-
ene, or polyurethane (PU).

6. The balloon cuff of claim 1, comprising a tracheal
tube coupled to the balloon cuff, wherein the tracheal
tube passes through the proximal and distal open-
ings in the wall of the balloon cuff.

7. The balloon cuff of claim 6, wherein the tapered sec-
tion tapers towards a distal end of the tracheal tube
or a proximal end of the tracheal tube.

8. The balloon cuff of claim 6, wherein the tracheal tube
is operatively connected to a ventilator.

9. An inflatable balloon cuff comprising:

a proximal opening and a distal opening in a wall
of the balloon cuff; and
a tapered section along an axis of the inflated
balloon cuff comprising a widest diameter closer
to the proximal opening than the distal opening,
wherein at least a portion of the tapered section
is configured to form a seal against a tracheal

wall of a patient and wherein the tapered section
comprises a balloon wall with continuously var-
ying thickness along the tapered section and
wherein the tapered section comprises:

a sealing portion, wherein the sealing por-
tion is adapted to form a wrinkle-free band
at least 1 millimeter in length against a pa-
tient’s tracheal wall when inflated;
a wrinkled portion, wherein a largest diam-
eter of the wrinkled portion is larger than a
tracheal diameter such that the wrinkled
portion forms a wrinkled band against a pa-
tient’s tracheal wall when inflated and
wherein the wrinkled band is longer than the
wrinkle-free band; and
wherein the widest diameter of the inflatable
balloon cuff, when inflated outside the pa-
tient, is located within the wrinkled portion
when the inflatable balloon cuff is inside the
patient and comprises a smallest balloon
wall thickness of the inflatable balloon cuff
such that at least part of the wrinkled band
is thinner than the wrinkle-free band.

10. The balloon cuff of claim 9, wherein the tapered sec-
tion comprises a substantially constant taper rate
along the length of the tapered section.

11. The balloon cuff of claim 9, wherein a taper angle of
the tapered section is between 9 and 20 degrees.

12. The balloon cuff of claim 11, wherein the taper angle
is at least 11 degrees.

13. The balloon cuff of claim 9, wherein the balloon cuff
comprises polyethylene teraphthalate (PETP), low-
density polyethylene (LDPE), polyvinyl chloride
(PVC), silicone, neoprene, polyisoprene, polypropyl-
ene, or polyurethane (PU).

14. The balloon cuff of claim 9, comprising a tracheal
tube coupled to the balloon cuff, wherein the tracheal
tube passes through the proximal and distal open-
ings in the wall of the balloon cuff.

15. The balloon cuff of claim 14, wherein the tapered
section tapers towards a distal end of the tracheal
tube or a proximal end of the tracheal tube.

16. The balloon cuff of claim 14, wherein the tracheal
tube is operatively connected to a ventilator.

17. The balloon cuff of claim 9, comprising a proximal
portion connecting the widest diameter to the prox-
imal opening, wherein the proximal portion tapers
from the widest diameter to a smaller diameter of the
proximal opening.
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18. The balloon cuff of claim 17, wherein the proximal
portion comprises balloon walls that are thicker than
at least a portion of the wrinkled band.

19. The balloon cuff of claim 9, wherein the tapered sec-
tion comprises a minimal contact region comprising
a smaller diameter than the sealing portion, wherein
the balloon walls in the minimal contact region are
thicker than the balloon walls in the sealing portion.

20. The balloon cuff of claim 9, wherein the balloon walls
of the tapered section are between 1.75 inches and
0.15 inches when the balloon cuff is fully inflated.
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